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Abstract 
Tungsten fuzz is well known as a surface with a high unipolar arc ignition probability in linear simulators of thermonuclear 
machines, but its properties can be significantly changed during modification. Results of transformation of such fuzzy surface 
under xenon ion beam irradiation are presented. It was found that the transformation process goes without temperature increasing 
and it is not the only result of sputtering redeposition of tungsten. 
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1. Introduction 
Tungsten is the main candidate for plasma facing material in the divertor zone of a thermonuclear reactor due to 
high melting temperature, high thermal conductivity and low sputtering erosion yield. However, its surface can be 
modified by a "fuzz" nanostructure appearance which can be formed in linear simulators and tokamaks at helium 
irradiation fluence as high as ~1025m-2 and the sample temperature (1000-2000 K). This nanostructure was first 
described by Takamura et al. (2006). It significantly changes plasma-wall interaction balance, which results in a 
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After such irradiation the field emission currents should be significantly reduced. Furthermore, there is a patented 
by Tatarinova (1996) technology for manufacturing high voltage electrodes with increased insulation strength by 
caking metal balls. However, not all fuzz structure transforms to balls at such fluence. There is a surface crack in 
Fig.2d where the joined fuzz filaments under  the "balls" layer can be seen.  
After reaching 1018 cm-2 the balls have the maximum radius of 400 nm and smaller balls cooperate into larger one 
(Fig.2e). 
3. Discussion 
The surface temperature can play an important role in understanding of thɟ mechanism of fuzz transformation 
into ball-like structure due to heating by the ion beam. However, the total ion power incident on the area of one 
nanofiber, plus its Joule heating is significantly less than thermal conductivity losses. An additional experiment with 
controlling the surface temperature during the irradiation process using an infrared camera has shown that the 
surface does not heat by more than 1 K.  
Results of the comparison of diameters of the ball-structures with the calculated sputtered layer of tungsten at 
various fluences are presented in Table 1. It was found that the ball diameter for small fluences is significantly 
higher in comparison with the sputtered layer indicating that redeposition of tungsten is not a main process in the 
formation of balls. The volumes of a ball and the total volume of the fuzz which was situated on the ball area are 
also compared in Table 1. In the case of 1018 cm-2 all material of the fuzz nanostructure transforms into the ball 
volume. At smaller fluences, only part of the fuzz material transforms into the ball-structure and, possibly, there is a 
fuzzy layer under the surface layer covered with ball-like structures. Similar ball-structures with the diameter of 
400 nm on a smooth tungsten surface were observed by Takamura (2011) on a fuzzy sample after "recovering" by 
argon flux. 
 
Table 1. Surface parameters depending on irradiated fluence. 
Irradiated fluence, Xe+/cm2 5×1016 1017 1018 
Calculated sputtered depth, nm 20 40 400 
Diameter of ball-like endings, nm 100 200 400 
Ball volume, nm3 5.2×105 4.2×106 3.3×107 
Number of fuzz structures which were on 
the ball area 
0.5 1.8 7.2 
Ratio of the ball volume per fuzz structures 
on its area total volume, % 
~30 ~60 ~100 
4. Conclusion 
Fuzzy surface degradation was observed under Xe+ beam irradiation at various fluences. It was found that the 
fuzz transforms into ball-like structures with size depending on Xe+ fluence. The transformation process takes place 
without significant temperature change, which was confirmed by infrared thermometry. The calculation of 
sputtering rate demonstrates that ball formation is not a simple tungsten redeposition, but can be associated with 
material reconstruction due to helium cavity release under heavy ion beam irradiation. It was also found that the 
volume of the ball with the maximum diameter corresponds to the total volume of initial fuzz structures situated on 
its area, which confirms full degradation of the fuzz structure. 
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